Objective To determine the incidence and characteristics of newly incurred injuries and illnesses during international Athletics Championships, by improving the medical surveillance coverage, in order to determine future prevention strategies. Design Prospective recording of newly occurred injuries and illnesses.
INTRODUCTION
Track and fi eld (athletics) is both a popular and global sport. Competition in top-level athletics poses risk of suffering from injuries and illnesses as our research group has already published. [1] [2] [3] The protection of the athletes' health is an important task for the International Olympic Committee (IOC) and the International Association of Athletics Federations (IAAF) [1] [2] [3] [4] [5] and systematic injury and illness surveillance has been developed during track and fi eld events, 1 2 in order to determine direction for injury and illness prevention following the four-stage model of van Mechelen et al. 6 Injury incidence during international athletics competitions is high: 10%-14% of athletes incurred an injury during the Championships, and half of these were expected to result in time loss from sport. [1] [2] [3] Therefore, introducing prevention strategies focused on the most relevant injuries (high frequency and/or severity), adapted to their mechanisms and risk factors, is of interest. 6 7 In addition, approximately 7% of athletes incurred an illness during the 2009 IAAF Championships; 50% lead to time loss from sport. 2 This rate was comparable to those reported in similar top-level competitions. 5 8 9 Since reduced illness rates have been reported to be associated with higher team performance during the Winter Olympic Games 2010 for the Norwegian team, 10 illness-prevention strategies should be an objective for athletes, National Federations and National Olympic Committees, and is congruent with the IOC and IAAF's objective to protect athlete's health.
Therefore, in keeping with this context, the aim of this study was to improve the medical surveillance system through the identifi cation of the incidence and characteristics of newly incurred injuries and illnesses during track and fi eld international Championships, in order to determine future prevention strategies.
METHODS Implementation
The present study used the methodology of injury and illness surveillance validated by the IOC, 4 and implemented by the IAAF during international track and fi eld competitions, 1 2 during the period of the Daegu 2011 IAAF World Championships (27 August to 4 September). The research group repeated the implementation stages taken at previous surveillances and described elsewhere. 1 2 In addition, three volunteers from the local Organising Medical Staff participated in the data collection and helped the authors (JMA, GF, FD and BA) with daily interviews of participating team physicians, quality review of the daily reports, and data input. The issue of duplicate reporting was solved by the consensus of two authors (PE and JMA); information from the national team physician's report was preferred over the Local Organising Committee (LOC) physician's report.
Defi nitions of Injury and Illness
The study followed the injury and illness definition criteria published previously. 1 2 4 9 Injury and illness report form
The injury and illness report form was used in previous studies and has already been published. [1] [2] [3] [4] [5] The injury location classifi cation has been improved in order to distinguish anterior and posterior and/or medial and lateral location for upper and lower extremity injuries. Although this form was available in several languages, English reporting was encouraged.
Confi dentiality and ethical approval
The athletes' accreditation number was used only to avoid duplicate reporting from team and LOC physicians and to provide information on age, gender and national federation of the athlete from the IAAF database. All injury and illness reports were stored in a locked fi ling cabinet and were made anonymous after the Championships. Confi dentiality of all information was ensured so that no individual athlete or team could be identifi ed. Ethical approval was obtained from the Oslo University School of Medicine Ethical Committee.
Data analysis
The response rate and coverage, the number of registered athletes (population at risk), competing athletes (athletes exposed to the competition) and participations (athletes' exposure in competition) were calculated using a list of athletes registered for the Championships provided by the IAAF and the competition schedule published on the internet (http://daegu2011. iaaf.org/index.html). The incidence of injury and illness were calculated in accordance with the IOC approach 4 and previous track and fi eld studies. 1 2 The gender, age (≤20 years of age, 21-25 years, 26-30 years, ≥31 years), severity (time-loss, no time-loss), circumstance (training, competition) and type of event were analysed for risk evaluation. Statistical methods applied were means with SD and t-test for age values, and frequencies, cross-tabulations, and χ 2 -test for injury and illness data. All data were processed using excel. Signifi cance was accepted at p≤0.05.
RESULTS

Coverage and response rate of the injury and illness surveillance system
All countries with more than 15 registered athletes (n=61; 30.3% of 201 national teams) participated in this study covering 1512 athletes (81.7% of 1851 registered). Coverage and response rate are reported in table 1. The number of injuries reported by the national medical teams was signifi cantly higher than those reported by the LOC physicians (148/116, respectively; χ 2 =8.3; p=0.004), and the number of illnesses was similar (64/76, respectively; χ 2 =2.7; p=0.1). Fifteen injuries and 14 illnesses were reported from both sources. Among athletes covered by national medical teams participating in this study, 27% of injuries and 24% of time-loss injuries and 26% of illnesses and 4% of time-loss illnesses were reported only by the LOC physicians and not reported by national medical teams.
Frequency and characteristics of injury
A total of 249 injuries were reported, representing an incidence of 134.5 injuries per 1000 registered athletes (95% CI 119.0 to 150.1), and 78.1 injuries per 1000 athlete participations (95% CI 68.7 to 87.4) (table 2). A total of 237 injury incidents with 246 injured body parts (three cases missing location) and 248 injury types (one case missing injury type) were reported.
Affected body parts, types and injury diagnoses are reported in table 3. The lower limb was affected in 74.3% of injuries (n=185). The thigh was the most frequently injured (n=67; 26.9%) with posterior thigh (hamstring) involved in 58 cases (23.3% of all injuries). The most frequent types of injury were strains (n=77; 30.9%), followed by sprains (n=54; 21.7%), muscle cramps (n=43; 17.3%) and skin laceration (n=23; 9.2%). The most common diagnosis was hamstring strain (n=39; 15.7%).
Circumstance, causes and severity of injury
Most of the injuries occurred during competition (n=140; 56.2%); almost half during fi nals (n=69) and 40 injuries occurred during training (16.1%). This information, however, was missing for 69 injuries (27.7%). Injuries in competition and during training were similar with respect to injury location and proportion of time loss but signifi cant differences were observed for injury type (χ 2 =21.7; p=0.001) and cause (χ 2 =24.5; p=0.001), especially for overuse injuries with sudden onset (32.4±8.1 vs 3.8±2.8 injuries per 1000 registered athletes, respectively). Injury risk during fi nals was signifi cantly higher than during qualifying rounds (χ 2 =5.9; p=0.02). Overuse injuries were dominant (n=148; 59.4%), with both gradual (n=57; 22.9%) and sudden onset (n=91; 36.5%), followed by non-contact trauma (n=31; 12.4%) and recurrence of previous injury (n=23; 9.2%). Almost three-quarters (n=17) of recurrent injuries reported required time loss from sport; up to 4 weeks for one athlete.
Information in relation to time loss after injury was available for 213 out of 249 injuries (85.5%; missing for 36 cases). One hundred and nineteen injuries (47.6% of all injuries) were expected to result in time loss, representing an incidence of 64.2 injuries per 1000 registered athletes (95% CI 53.1 to 75.5), and 37.3 injuries per 1000 athlete participations (95% CI 30.7 to 43.9) (table 2). The most common time-loss injury diagnosis *Information on time-loss is missing for 36 injuries, for one time-loss injury the time of absence in sport was not reported. †Since some athletes competed in more than one discipline, this is not the sum of registered athletes in each different event groups but the total number of registered athletes.
was hamstring strain (n=18; 15.3%) (table 3) . Injuries with and without subsequent time loss differed signifi cantly in location (χ 2 =23.1; p=0.01), but not in type and cause of injury. Physician's estimations of absence from sport were reported in table 2. The seven injuries with more than 4 weeks absence were as follows: two Achilles tendon sprains, an ankle sprain, a groin strain, a lower leg strain, a lower leg stress fracture and a thoracic spine muscle cramp. In addition, a knee anterior tendon rupture was reported, but information on duration of absence was missing for this injury. 30 years, respectively). The injuries differed signifi cantly by age for location (χ 2 =46.5; p=0.03) and cause (χ 2 =21.1; p=0.05), but were similar regarding injury type and severity.
Age, sex and sport of the injured athletes
The incidence of injuries (χ 2 =40.9; p<0.001) and time-loss injuries (χ 2 =36.1; p<0.001) differed signifi cantly between disciplines (tables 2 and 4). Athletes performing in combined events (288.1±115.5), in middle-and long-distance events (183.3±39.4) had the highest propensity to incur an injury, while athletes performing in combined events (135.6±87.4), and in long-distance events (122.3±42.4) were more likely to incur a time-loss injury.
Frequency and characteristics of illness
A total of 126 illnesses were reported, equivalent to an incidence of 68.1 illnesses per 1000 registered athletes (95% CI 56.6 to 79.5), 39.5 illnesses per 1000 athlete participations (95% CI 32.7 to 46.3) and 7.6 illnesses per 1000 athlete days (95% CI 6.2 to 8.9) (table 2). Affected systems, table  5 . More than a third of the illnesses affected the respiratory and ear, nose, throat tract (n=49; 38.9%). In 19.0% of the cases, the affected system of illness was classifi ed as 'other'; information was missing in one case. The most commonly reported symptom was pain (n=39; 28.5%); eight symptoms were missing and 19% were reported as 'other'. No episodes of cardiovascular-related collapses and syncope were recorded; only two illnesses affected the cardiovascular system as heat exhaustion. The most commonly reported cause was infection (n=12; 27.8%), followed by exercise induced (n=22; 17.5%) and environmental (n=17; 13.5%); 10 causes of illnesses were missing and 27.0% were reported as 'other'. Upper respiratory tract infection was the most commonly reported diagnosis (n=23; 18.4%), followed by exercise-induced dehydration (n=15; 12%), and gastroenteritis/diarrhoea (n=13; 9.5%). Twenty-three illnesses (18.3%) were expected to result in time loss, equivalent to an incidence of 12.4 illnesses per 1000 registered athletes (95% CI 7.4 to 17.5) and 7.2 illnesses per 1000 athlete participations (95% CI 4.3 to 10.1). Gastroenteritis/diarrhoea was the most commonly reported diagnosis (n=6; 26.1%), followed by upper respiratory tract infection (n=5; 21.7%) and exercise-induced dehydration (n=4; 17.4%) (table 5). Illnesses with and without subsequent time loss differed signifi cantly in affected system (χ 2 =18.5; p=0.02) and in main symptoms (χ 2 =111.3; p<0.001), but not in cause of illness.
No differences in illness and time-loss illness incidence were reported between male and female athletes. The illnesses of males and females were similar regarding affected system, cause, and severity of injury, but differed signifi cantly for main symptoms (χ 2 =21.9; p=0.001). The illnesses were similar between different categories of age regarding the incidence, affected systems, main symptoms, causes and severity of illnesses.
Illness incidence differed signifi cantly between disciplines (χ 2 =15.2; p=0.03), but not the incidence of time-loss illnesses (χ 2 =10.8; p=0.15) (tables 2 and 6). Athletes performing in race walking (118.9±53.0) had the highest propensity to incur an illness.
DISCUSSION
This study aimed, by improving the medical surveillance coverage, to improve the medical surveillance system through the identifi cation of the incidence and characteristics of newly incurred injuries and illnesses during track and fi eld international Championships in order to prioritise strategies for injury and illness prevention. This was the third injury and the second illness survey during IAAF World track and fi eld Championships. (table 1) . These results are consistent with our aim to improve medical surveillance coverage, which can be further improved in future studies to achieve higher compliance rates similar to those from other international events. 38 Moreover, the report form was completed with few *Information on gender is missing for two injuries (one in 400 m hurdles and one in javelin throw). †Since some athletes competed in more than one discipline, this is not the sum of individual athletes.
Data-collection procedures
Medical team participation during
missing values, suggesting that the injury surveillance system is comprehensive and convenient. However, despite the encouraging response rate from the team physicians, the quality and completeness of the reported data still remains unknown. Indeed, Florenes et al 11 and Bjorneboe et al 12 reported that prospective surveillance medical staff underestimated 39% and 19% of injuries and time-loss injuries, respectively. In our study, 27% of injuries, 24% of time-loss injuries and 26% of illnesses were underestimated by the national medical teams. Thus, other tools should be used to improve the completeness of data (retrospective interview of athletes, media monitoring or web-based system). 12 Further studies are needed to determine the accuracy of this system in track and fi eld events. (2) is spent in competition compared with the entire track and fi eld season during which, most of the time is spent in training. 13 14 The risk of injury varied substantially between the disciplines with athletes competing in combined events, steeplechase and middle-and long-distance runs having the highest risk. 1 2 In these events, although the intensity of exercise is lower than during other events, the time spent in training and/or in competition is longer. Overuse also might have a facilitating influence in these events more than in others. This higher injury and time-loss injury risk in combined events is consistent with results of previous studies. 1 2 15 16 This finding may be explained by the number and intensity of the events and the high demand from both physical and psychological standpoints. [15] [16] [17] Therefore, the biomechanical and/or metabolic demands of these events need to be better understood to direct strategies for injury prevention.
Incidence and diagnosis of injuries
During elite Athletics Championships, the most common diagnosis was thigh strain (14-17%), and especially hamstring strain (16%); 46% of them leading to time loss from sport. Changes in the reporting system allowed us to distinguish between anterior and posterior thigh injuries. Specifi c studies have suggested that hamstring mechanics during sprint, 18 strength imbalances, 19 fl exibility, fatigue, age, ethnicity (particular racial or anatomical predisposition) and severity of previous injury 20 play a role in occurrence of track and fi eld hamstring strain. 21 However, the exact biomechanics and contribution of hamstring during sprint remain unknown and is debated. 21 Indeed, a recent publication advocates that hamstring peak force occurs in the stride cycle during terminal swing which suggests a focus on hamstring strengthening exercises, especially involving eccentric contractions performed with high loads at long muscle-tendon lengths. 18 However, since hamstring and opposing forces are higher in early stance than in late swing, concentric contractions in close chain with high loads could also be of interest. 22 The quick change in the contraction mode (eccentric to concentric) with a concomitant signifi cant increase in hamstring applied forces may represent a stage of fragility during the sprinting cycle. Further studies on hamstring strains, such as in team sports, [23] [24] [25] should be a priority of track and fi eld injury-prevention research to better understanding the mechanisms and risk factors in order to determine and evaluate the effi cacy of adapted prevention measures. Other main injuries were lower leg strain (5-9%), ankle sprain (3-6%) and trunk muscle cramps (6%), 1 2 and in agreement with previous studies, the majority of injuries were caused by overuse. 1 2 13 26 Thus, appropriate prevention strategies for overuse injuries should also be implemented including the recording of overuse injuries throughout the season to better determine the overuse injury prevalence, 27 precociously treating acute injuries, eliminating periods of overtraining and improving preventive strengthening and recovery programs. No concussion or anterior cruciate ligament ruptures were reported in contrast with other sports where these major time-loss injuries are frequent. 3 5 Incidence and diagnosis of illnesses
The incidence of illnesses during the Daegu 2011 Championships was equal to that reported during the Berlin 2009 Championships 2 (7.6 injuries per 1000 athlete days). This rate is also similar to those reported in other international sport events. 5 8 9 The distribution of affected systems, main symptoms and causes was similar between the Daegu 2011 and Berlin 2009 Championships. 2 Athletes performing in race walking presented a higher incidence of illness, as was reported during the Berlin 2009 Championships. 2 During elite Athletics Championships, around 35%-38% of illnesses affected the upper respiratory tract and 15% the gastrointestinal system. Around 30% of illnesses lead to pain, 10% to diarrhoea/ vomiting and 10% to fever and around 30% of illnesses were caused by infection, while 20%-30% were exercise induced. Surprisingly, our results reported only 1.5% of illnesses from cardiovascular system illnesses compared with 22.2% during Berlin 2009. 2 This difference could be explained by the diffi culty of physicians to record systemic pathologies (dehydration, for example), and by the fact that 19% of illness affected system were classifi ed as 'other' in the present study. However, only one cardiovascular-related collapse was reported during Daegu 2011 versus seven during Berlin 2009, 2 possibly due to the implementation of prevention strategies. Dehydration was higher during Daegu 2011 (10% of symptoms) most likely related to weather conditions. Preventive measures should be implemented in further Championships with similar climatic circumstances.
The most common diagnosis was upper respiratory tract infection, in agreement with the Berlin 2009 results, but with a lower rate (18.4% vs 30.4%, respectively). 2 These fi ndings are consistent with data from other elite sporting events. 2 5 8 9 Indeed, upper respiratory tract infections are more common in elite athletes than in non-competitive athletes. 28 29 The addition of stress and the intensity of competition could explain this high rate of upper respiratory tract infections. Temperature and humidity changes between athletes' accommodation, outdoor, warm-up area, call room or stadium could also play a role. Gastroenteritis and dehydration were also commonly reported during elite Athletics Championships (around 10% and 12%-17%, respectively). 2 Climatic conditions, nutritional changes, overcrowding and high intensity of activity could be predisposing factors.
Limitations and perspectives
Methodological limitations have been previously discussed, 3 4 however, some limitations of our study should be mentioned. First, concerning the cause of injury, potential diffi culties or mistakes could have been reported by physicians between acute and chronic injuries. Indeed, in the present study, 77% of hamstring strains were caused by overuse (20.5% by gradual and 56.5% by sudden onset). This rate is unexpectedly high for this pathology which is most often reported as acute. 19 30 'Sudden onset' could have been interpreted as 'acute' by physicians, or athletes could have presented previous symptoms. Second, new injuries, recurrence of previous injury (or reinjury) or injury aggravation (or exacerbation) are diffi cult to distinguish. 31 In this context, to improve the collection data system by adding items such as 'acute or overuse injury', 'new injury, reinjury or exacerbation' 12 and 'right or left side' 11 could be relevant. A third observation is that 20% to 30% of affected systems, main symptoms and causes of illnesses were reported as 'other', which highlights the collection data system limitations in describing illnesses. The coding system could be improved to allow physicians to report illnesses more accurately. Finally, since almost 20%-30% of injuries and illnesses were not reported by the team physicians, the daily report from team physicians could be not complete. Thus, other tools (retrospective interview of athletes, media monitoring or web-based system) should be used to improve the accuracy of the data. 11 12 Injury-and illness-prevention strategies in elite track and fi eld athletes Since overuse is the main cause of elite track and fi eld injuries, future studies during IAAF World Championships should also include pre-existing (chronic) injuries and a history of injuries in order to better determine the part of newly occurred, aggravation, recurrence of previous or chronic injuries, and also to help determine risk factors. A periodic health examination and an appropriate methodology for recording overuse symptoms would also help physicians to determine the potential defi ciency, risk factors and/ or chronic injuries or illnesses in order to introduce prevention strategies before world events and before injury or illness incurred. 27 32 Further studies should focus on the main common injuries in order to better understand the mechanisms and risk factors before introducing prevention measures, 6 7 especially regarding hamstring strains. [18] [19] [20] [21] In order to prevent respiratory tract infections, gastroenteritis and dehydration, education of athletes and their entourage on infectious disease and dehydration prevention strategies is necessary. 5 Athletes should be advised to seek shade and to hydrate regularly, to drink only bottled water, to eat safe food and to employ regular hand washing with alcohol gel. The use of plastic to cover carpeted hotel rooms, and special indoor air cleaning systems, along with discouraging hand shaking and close contact with people outside the team, including fans and the media, should also decrease illness transmission. 5 10 33 Screening tests on airway problems and adapted strategies for athletes with a heavy competition load should be offered to all athletes at risk. 10 
CONCLUSION
The injury and illness surveillance system proved again to be accepted by the team physicians and feasible in individual sport competition. However, further efforts should be implemented in the future to improve data completeness and quality. During elite Athletics World Championships, 135 injuries, 60 time-loss injuries and 68 illnesses per 1000 registered athletes were reported. Athletes competing in combined events and long-distance runs have the highest injury risk. Preventive interventions should focus on overuse injuries, hamstring strains and adequate rehabilitation of previous injuries, and decreasing the risk of transmission of infectious diseases, appropriate event scheduling and heat acclimatisation.
